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INTRODUCTION 
Successful management of a population of fish is based on adequate 
knowledge of the life history. The life history involves various aspects 
of reproduction and development, food, age and growth, parasites, mortal­
ity, etc. All of these influence the well being of the population, and all 
are important in management considerations. 
For the fisheries biologist, age and growth studies have long been 
standard tools with which to evaluate a population end determine its gen­
eral well being. Primary among age and growth methods are direct observa­
tion, length-frequency analysis, mark and recapture techniques, and back 
calculations from scales or bones. Except for unusual circumstances, these 
methods are limited to annual or seasonal growth determinations. Yet 
growth information over short time periods is often needed to determine the 
influence of water levels, parasites, crowding, pollution, etc. on growth 
of individuals. Measurements of growth over short time periods that have 
been attempted using length-frequency, mark and recapture, and cheinical 
stains to show recent growth have proven inadequate (Muncy, 1959; Keeton, 
1963). 
Growth is an increase in cell number or size and is closely associated 
with physiological activities of the cell. If these activities can be 
measured and standards established for them, they should provide a useful 
basis for measuring growth. Ribonucleic acid (RNA) is the organizer of 
protein synthesis. Proteins in turn form the base of enzymes and other 
materials which are active in cell growth. Deoxyribonucleic acid (DNA) is 
the basic constituent of the chromosomes of a cell and as such the amount 
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remains relatively constant within a cell. The RNA-DNA ratio is a variable 
reflecting protein synthesis within a cell and gives a measure of growth 
per cell. In muscle tissue, after a certain size, cell division stops, and 
growth is primarily through increase in cell size. 
Bulow (1969, 1970) validated the RNA-DNA ratio technique for bluegill 
(Lepomis machrochirus) and the golden shiner (Notemigonus crysoleucas) 
under laboratory conditions. Nasiri (1972) and Haines (1973) used this 
technique in the field. The former was concerned with short-term growth of 
wild populations of carpsuckers (Carpiodes) and the latter with growth of 
smallmouth bass (Micropterus dolomieui) and carp (Cyprinus carpio) in con­
trolled ponds. 
The purpose of my study is to 1) show some age and size data about 
channel catfish (Ictalurus ptmctatus) of the Des Moines and Skunk Rivers in 
1970 and 1971, 2) document the situation of nucleic acids in the catfish of 
the study areas, 3) describe some of the influences of seasons, sexes, ages, 
etc. on nucleic acid values, and 4) determine the value and pitfalls of 
this technique as a tool in determining short-term growth in natural popu­
lations of fish. 
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REVIEW OF LITERATURE 
The channel catfish, Ictalurus punctatus (Rafinesque), is an important 
sport and commercial fish in many parts of the United States. Carlander 
(1969) cites 20 states and 2 Canadian provinces in which management ori­
ented research has been carried out. With the advent of catfish farming, 
the importance of this species has increased considerably not only in this 
country but in Europe, South America, and Asia (Martin, 1970; Meyer, 1969; 
Osborn, 1972). Knowledge of the growth of catfish and of the factors 
affecting growth is needed in proper management. Button (1921), Van Oosten 
(1929), Moore (1947), Menon (1950), Guerrier (1951), Chugunova (1963), 
Briuzgin (1963), Tesch (1968), and Hile (1970) include reviews or summaries 
of age and growth investigations. 
The determination of age and growth from scales used in many studies 
cannot be used with catfish since they are scaleless. Boyko (1950, p. 47) 
cites Kler (1916) as the first person to suggest the use of soft rays and 
spines for age determination in fishes. Menon (1950, p. 321) lists 
Probatov (1929) as the first person to use pectoral fin rays to age the 
catfish, Silurus glanus. European and, especially, Russian workers seem to 
have been considerably in advance of North American investigators in the 
area of aging of fishes by their bony structures. 
Use of hard parts of catfish for age and growth studies in America 
became widespread after 1949. In that year, Lewis' work with the northern 
black bullhead, Ictalurus m. me las. in Iowa validated aging of that spe­
cies from annuli on vertebrae. Hooper (1949) assumed the aging method by 
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use of vertebrae to be valid in his age analysis of a population of tadpole 
madtoms, Noturus gyrinus. 
Techniques for determining age and growth in channel catfish, the spe­
cies of concern in this paper, were validated for the vertebrae by Appleget 
and Smith (1951) and for the spines by Sneed (1951). Sneed's method for 
obtaining, sectioning, aging, and determining growth from pectoral spines 
seems to have been adopted as standard. An unpublished master's thesis 
from Ohio State University (Archibald, 1934) suggested and demonstrated the 
possible use of aging catfish from the bones but did not validate the 
method with fish of known age. Marzolf (1955) compared vertebrae and spine 
techniques and determined that rates of growth calculated from vertebral 
measurements were more uniform, while spines were easier to uae for aging. 
Hall and Jenkins (1952) used the dorsal spine for determining rate of 
growth, believing it to be more easily read than the pectorals. Fewer 
workers have used the dorsal spine than the pectorals. 
Prior to validation of aging by the hard parts of channel catfish, 
growth was determined by direct observation or length-frequencies (Shira, 
1917; Luce, 1933; Bailey and Harrison, 1948). Schoffman (1954, 1961, 1967) 
used spine assessment with length-weight comparisons to show growth in the 
channel catfish in Tennessee. Tiemeier (1957, 1962a, 1962b) and his associ­
ates (1957, 1968, 1969) in Kansas have studied channel catfish growth in 
controlled ponds using length-weight analysis and fish of known age. Stud­
ies of channel catfish in the Des Moines River, Iowa, present growth data 
from spine assessment, length-frequency analysis, and increase in total 
length after tagging and recapture (Bailey and Harrison, 1948; Harrison, 
1954, 1955, 1956, 1957a, 1957b; Muncy, 1959; Mayhew, 1972). 
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Study of scales or hard parts of fish gives a measure of age and growth 
but usually on an annual basis. It is possible to get some measure of 
growth over shorter periods of time by measuring the distance since the 
last annulus. In general, however, these methods do not give much indica­
tion of whether growth has occurred over the last week or two weeks. Such 
short-term measurements are needed for the study of the effect of water 
level changes or other short-term phenomena. Direct observation with meas­
urement of the same fish at the beginning and end of a period may measure 
growth over short terms, but such direct observation is not possible in 
many natural populations. Growth of marked or tagged fish may not be 
representative of growth of the rest of the population. Keeton (1963) 
tried the length-frequency method to follow the short-term growth of a num­
ber of species in the Des Moines River but found that in most cases sam­
pling variances from week to week were so great that growth evaluation was 
difficult. Keeton (1965) also tried the Stoelzner method of staining 
scales but found that this method was not critical enough to determine 
recent growth or carpsuckers (Carpiodes spp.). 
A more critical method for measuring short-term growth involves the 
organizing mechanism of a cell, the nucleic acids. DNA is found mainly in 
association with the chromosomal material of the nucleus. Mitochondria, 
centrioles, and plastids contain a few percent of the total (Iwamura, 1966; 
Granick and Gibor, 1967). The amount of DNA per nucleus within the somatic 
cells of a species seems to remain constant (Boivin et al., 1948). This 
constancy of DNA concentration is also found among organs (Mirsky and Ris, 
1949; Sorvachev and Medvedkina, 1964). Schneider (1946) found different 
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values of KîA for various organs, but it is possible that this relates to 
variation in cell size. 
DNA from brain tissue has been used to indicate evolutionary relation­
ships of vertebrates (Beth and Mande1, 1953). In fishes Mirsky and Ris 
(1951) found no discernible patterns of relationship, but the DNA values 
seemed to remain constant per family. In the salmonids, the values were 
similar within genera (Yoshio et al., ÂS63). 
To further indicate the constancy of DNA in cells, it has been shown 
that DNA content of rat liver (picograms of DNA per nucleus) was indepen­
dent of food intake (Mirsky and Ris, 1951; Campbell and Kosterlitz, 1952; 
Thompson et al., 1953; Mande1 et al., 1966). Even injections of growth 
hormones in the fish Ophrcet>halus striatus caused no change in the DNA 
level (Venugopalan, 1967). Because of this constancy, it is useful as a 
standard of reference for changes in cell number (Leslie, 1955). Excellent 
reviews and summaries of this topic are given by Davidson (1947), Davidson 
and Waymouth (1944), Leslie (1955), Vendrely (1955), and Hotchkiss (1955). 
Although the existence of RNA (as Zymonucleic acid or PNA) was known 
for a long time, its role in protein synthesis was first indicated in the 
early 1940's (Caspersson, 1941; Brachet, 1942). As early as 1938, 
Caspersson and Schultz found an abundance of RNA in rapidly growing cells. 
Since that time, tissues with high physiological activity (i.e., growth or 
secretion), organisms which multiply rapidly (bacteria, yeast), or cells in 
which considerable protein synthesis occurs (the classic example is the 
silk producing gland of the silkworm) have been shown to have high RNA 
values. In 1954 the first actual proof of the relationship between RNA and 
protein synthesis was given by Gale and Folks. The correlation between the 
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occurrence of RNA and protein synthesis has been well summarized by such 
workers as Brachet (1950, 1955, 1960a, 1960b), Davidson and Chargaff 
(1955), Tarr (1958), Davidson (1968), Darnell (1968), and Dixon and Smith 
(1968). 
With a relatively constant standard of reference (DNA) and a measur­
able variable which reflects protein synthesis (RNA), the RNA-DNA ratio 
gives a measure of growth and growth rates. The ratio is considered a more 
reliable measure of growth than RNA alone for it is not subject to differ­
ences in cell number or size but rather expresses the average amount of RNA 
per cell and consequently a measure of protein synthesis per cell 
(Hotchkiss, 1955). However, RNA has been used alone as a measure of growth 
in many cases. Caldwell et al. (1950) showed that the RNA content of bac­
teria is proportional to growth rate, whatever the environmental condi­
tions. This has since been well documented for microorganisms (Maaloe and 
Kjeldgaard, 1966; Leick, 1968). Holm-Hansen et al. (1968) suggests the use 
of nucleic acids in relation to planktonic growth or increase of biomass. 
In arthropods a similar relationship was found (Devi et al., 1963; Lang 
et al., 1965; Sutcliffe, 1965; Church and Robertson, 1966). Sutcliffe 
(1970) summarized such of this nucleic acid growth work with microorganisms 
and invertebrates and suggested that Munro and Gray's (1969) work with mam­
mals could be interpreted as a function of growth. 
The first documented evidence of RNA in fish came with Hamoir's 
(1951a, 1951b) studies. Since then numerous studies of fish have included 
RNA determinations. These are summarized by Nasiri (1972). 
Bulow (1969, 1970, 1971) validated the use of DNA and RNA as measures 
of growth in fishes under laboratory conditions. Nasiri (1972) studied the 
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nucleic acid values of carpsuckers (Carpiodesin their natural habitat and 
described variations of these values between species, seasons, rivers, 
sexes, sizes, and certain environmental parameters. Haines (1973), working 
with smallmouth bass (Micropterus dolomieui) and carp (Cyprinus carpio) in 
controlled ponds, believed the ratio was a reliable indicator of long-term 
growth if population age structure was known and the recruitment con­
trolled. However, it should be pointed out that the correlations he found 
between growth over a 15-month period and the RNA-DNA ratio at the end of 
the period show that the fish which grew the most over the entire period 
were still growing more rapidly when tested at the end. Short-terra and 
long-term growth will usually, but not always, be correlated. 
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METHODS AND MATERIALS 
During the sampling period (April-September, 1970, and April-October, 
1971), three types of gear were used to collect catfish. These included: 
1) baited and unbaited hoop nets, 2) electro-shocking gear, and 3) hook and 
line. 
Hoop nets were used in the Skunk River from Story City, Iowa, to 
Cambridge, Iowa, from May to August, 1970. This work was done in conjunc­
tion with Coon (1971), and unbaited nets were used to eliminate the possi­
bility of bias in his study. Baited hoop nets were used in 1971 (May-Sep­
tember) on the Skunk River in the area of Soper's Mill, 5 miles north of 
Ames, Iowa, and in 1970 and 1971 (May-September) on the Des Moines River in 
the vicinity of the YMCA Camp, Boone County, Iowa. The bait included cans 
of cat food with holes punched in the cans and cheese clippings (Mayhew and 
Mitzner, 1969) in a net bag. The containers allowed a slow washing out of 
the contents. The cheese bait was more effective for catching catfish. 
The hoop nets were not very effective during low water levels, such as in 
late summer. 
A gas powered 230-volt AC electro-shocking apparatus described by 
Meyer (1962) and Coon (1971) was used from June to August, 1970 and 1971 
and also in September of 1971 on the Skunk River. The shocking techniques 
used on the Skunk River are described by Coon (1971). On the Des Moines 
River, shocking for catfish was conducted from June to September, 1970 and 
1971. The techniques used were similar to Reynolds (1963). Shocking in 
April and May was not attempted due to the high water. 
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Some catfish were taken by hook and line in the Skunk Riv^ r in 1970 
and 1971 by Dr. R. J. Muncy and given to me as specicens. 
In the field; total and standard lengths were measured to the nearest 
millimeter. Only total lengths are reported iu this paper. Because of 
available balances, weight was recorded to the nearest gram for fish less 
than 500 g and to the nearest 0.1 ounce for fish more than 500 g. The 
ounces were then converted to grams. 
The catfish were sexed by opening the body cavity and observing the 
gonads. Pectoral spines and muscle samples were taken. An attempt was 
usually made to take both spines. These were placed in numbered scale 
envelopes with appropriate field data. In the laboratory, the right 
spines, where possible, were sectioned in the manner described by Sneed 
(1951). Because only aging of the catfish was necessary and this can be 
most readily done from spines (Marzolf, 1955), no vertebrae were taken. 
Probst and Cooper (1955) suggest the use of alcohol to increase the differ­
entiation of the translucent and opaque zones. After viewing a number of 
spine sections in alcohol, water, and xylene, I preferred xylene. 
The left anterior epaxial muscle was sangled (5ulow, 1971; Nasiri, 
1972). In small specimens, less than 50 mm, the entire epaxial muscle 
from both sides, was taken to provide adequate material for analysis. 
Muscle samples were placed in 2-dram corked glass vials and frozen immedi­
ately with dry ice. Field numbers identified the samples. 
A small ("6-pack" size) styrofoam container was used in carrying 2 to 
4 pounds of dry ice purchased on the sançling day from the Iowa State Uni­
versity chemistry stores. Although Bulow (letter to R. J. Muncy) suggests 
either supercooling alcohol with dry ice or cooling alcohol in a freezer 
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and carrying it to the field in a large "thermos," I found that by care­
fully placing the muscle samples in vials next to or on the dry ice in the 
styrofoam container, they were quickly frozen and remained thus for the 
course of the daily field operations. The frozen samples were stored in a 
laboratory freezer until defatting. This is one reasonable stopping place 
in this procedure. 
Frozen tissue was dehydrated and defatted with two 12-hour extractions 
in a 2:1 chloroform-methonol solution, followed by a 24-hour ether extrac­
tion. The tissue was then air and desiccator dried, each, for another 24 
hours. The dry fat-free tissue (DFFT) was then ready to be ground to a 
powder in a Wiley mill with a number 40 sieve and stored in capped vials. 
This is another convenient stopping place in the procedure. The facili­
ties were such that we could not run more than 37 samples at a time. The 
vials of dry fat-free tissue from each year were stored in a large box. 
After mixing the vials, they were picked out in a random fashion as batches 
were needed for further processing. 
DNA and RNA were extracted together from the DFFT with hot trichloro­
acetic acid by the method of Webb and Levy (1955) as described by Bulow 
(1969). 
DNA and RNA standard stock solutions (nucleic acid solutions) were pre­
pared as described by Bulow (1969) and stored under refrigeration. 
Analysis of nucleic acid content of standard and samples was done 
colorimetrically using a Bausch and Lomb Spectronic-20 colorimeter. Prepa­
ration of reagents followed Bulow (1969) except for molybdate reagent I 
(acid) which was prepared according to Ferreri (1971). To more accurately 
determine phosphorus content, the procedure of Fiske and Subbarow (1925) 
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was used in the analysis of standard stock solutions. The standard phos­
phate solution was diluted to four standards (5, 10, 15, and 20 ug phos­
phorus per ml) and optical densities determined. This procedure was 
repeated several times and average optical densities used to construct the 
standard phosphorus curve. 
RNA-P content was determined using the orcinol method of Lusena (1951) 
as described by Schneider (1957). MîA-P was determined using the Burton 
modification of the diphenylamine reaction (Burton, 1956). Both are 
expressed here as |ig phosphorus per 100 mg dry fat-free tissue. A more 
detailed outline of the laboratory methods of nucleic acid determinations 
is given in Appendix A. 
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RESULTS 
Âge and Size 
Age was determined for channel catfish by sectioning pectoral spines 
and counting the rinp.s in cross sections. The ages ranged from 0 to X 
(Table 1). The limited data from the Skunk River indicate that the chan­
nel catfish average larger at the same ages than those in the Des Moines 
River. There does not appear to be any difference in growth of males ver­
sus females. 
Length-weight relationships were calculated for catfish in the Des 
Moines River, 1970 and 1971, and the Skunk River, 1971 (Table 2). The log­
arithmic form was used to calculate the regression coefficients (b) and the 
intercepts (a). Correlation coefficients (r) indicate that most of the 
variation in log weight is related to log length. 
Catfish caught in different years but in the same area of the Des 
Moines River (Harrison, 1956, 1957b; Muncy, 1959) were compared with those 
of this study. Total lengths of these catfish of the same age were very 
similar. Catfish taken further upstream in the Humboldt area (Harrison, 
1955, 1957b) were smaller while those sampled in the lower Des Moines River 
(Mayhew, 1972) were larger at a given age. 
Comparisons of length-weight relationships of catfish from the same 
(Muncy, 1959) and different locations (Harrison, 1955; Mayhew, 1972) can be 
made using the regression coefficient (b). These seem to be similar 
(Muncy, 1959 = 3.13; Harrison, 1955 = 2.99; Mayhew, 1972 = 2.99). 
Table 1. Total length and weight for sexes (male, female, and undeter­
mined) by age in the Des Moines and Skunk Rivers, 1970 and 1971 
Males Females 
Length Weight Length 
Age No. Mesm Range Mean Range No. Mean Range 
Des Moines River. 1970 
0 — — — — — — — — — • — — — — — — 
I 5 152 140-163 19 13-24 3 149 121-165 
II 11 186 159-218 45 23-86 10 180 145-228 
III 6 237 188-267 108 44-158 7 259 220-280 
IV 12 324 247-426 253 98-510 7 284 249-325 
V 8 373 301-435 434 158-782 4 400 378-427 
VI 0 - - - - - - - — 2 428 397-458 
Des Moines River. 1971 
I 10 136 116-185 20 13-46 8 148 111-188 
II 8 189 141-226 76 16-91 10 188 159-203 
III 8 240 173-291 107 38-166 10 252 186-302 
IV 16 311 288-368 240 107-500 17 334 260-417 
V 13 399 301-505 570 252-994 16 362 279-492 
VI 3 410 396-438 498 411-625 4 470 369-514 
VII 1 515 — 1512 - — 4 448 415-495 
VIII 0 - - — - - 1 572 - -
IX 1 499 — 1134 1 587 - — 
X 1 530 — 1425 0 - - — -
Skunk River. 1970 
0 0 * «0 — — — — — — 0 — — — — 
II 2 236 224-247 102 84-120 0 - -
IV 6 356 333-385 433 310-606 2 413 333-493 
VI 0 - - - - - - - — 1 564 • -
Skunk RiverJ 1971 
I 4 151 138-167 27 19-38 1 161 — — 
II 10 216 173-281 80 35-152 4 222 189-262 
III 6 261 211-320 145 72-239 9 256 189-319 
IV 0 
• •  
0 
" 
15 
Females Sex undetermined 
Weight Length Weight 
Mean Range No. Mean Range Mean Range 
26 
40 
117 
163 
527 
665 
12-37 
15-65 
70-140 
108-284 
410-710 
440-890 
20 
13 
4 
2 
66 
134 
191 
227 
57-77 
111-179 
163-221 
226-228 
2 
19 
52 
120 
1-4 
10-51 
38-68 
102-137 
18 
58 
113 
306 
416 
1132 
937 
1736 
2187 
12-30 
28-157 
46-184 
135-511 
174-866 
545-1463 
724-1456 
1 
0 
0 
1 
6 
3 
0 
0 
n 
125 
183 
400 
442 
449 
101-145 
397-512 
424-483 
12 
33 
568 
776 
832 
6-17 
458-1304 
424-1020 
802 
1900 
326-1278 
34 
83 
159 
43-137 
54-318 
2 
2 
4 
1 
168 
259 
303 
329 
164-172 
228-290 
224-354 
34 
144 
210 
387 
33-34 
90-197 
75-305 
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Table 2. Regression coefficients (b), intercepts (a), and correlation 
coefficients (r) for logarithms of lengths and weights of channel 
catfish from the Des Moines River, 1970 and 1971, and the Skunk 
River, 1971 
River Year No. a b r 
Des Moines 1970 114 -5-071 2.967 .994 
Des Moines 1971 151 -5.570 3.182 .944 
Skunk 1971 44 -5.413 3.125 .982 
Variation in Batches 
Since the large number of samples could not be processed simultane­
ously, samples were randomly assigned to batches within year. To evaluate 
variation in technique, the batch results were compared. Batches 1-15 
represent 1970 data and batches 16-25 are from 1971. Distribution of sam­
ples in batches and average RNA-P and DNA-P values are shown in Appendix 
Table B-1. Catfish samples were included in each batch. 
From the analysis of variance, it can be seen that there are more dif­
ferences between batches than within batches for both DNA.-P and RNA-P at 
the 0.01 level (Table 3). The percentage of the total variation due to 
differences between batches was calculated by the formula; 
? . 2 2 
percent variation / a  ^+ a ^  
These values are 12.5% for DNA-P and 18.2% for RNA-P. Values for differ­
ences between years are also significant at the 0.01 level. 
Further consideration was given to the batch data for each year within 
each river. This produced similar results (Table 4). All batch data were 
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Table 3. Mean squares and "F" values for variations due to between batches 
and between batches in years for DNA-P and RNA-P 
M.S. 
DNA-P 
Batches 380.1 4.6** 
Years 32312.4 38.8** 
RNA-P 
Batches 161090.1 6.6** 
Years 289055.6 52.6** 
**Slgnifleant at the 0.01 level; *Slgnlfleant at the 0.05 level. 
These indications follow throughout this work. 
Table 4. Mean squares, "F" values, and percentage of variation due to 
batch differences of RNA-P and DNA-P for the Skunk and Des Moines 
Rivers for 1970 and 1971 
M.S. % variation 
Skunk River 
RNA-P 
DNA-P 
1971 
RNA-P 
DNA-P 
171008.0 
11976.3 
23894.6 
281.4 
18.5** 
93.3** 
1.6 
11.7** 
66.1 
48.1 
7.5 
11.6 
Des Moines River 
1970 
RNA-P 
DNA-P 
1971 
RNA-P 
DNA-P 
89465.7 
1088.1 
145397.2 
504.9 
5.2** 
0.9 
5.2** 
5.2** 
2 .2  
-0.1 
2.9 
2.9 
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significantly different at the 0.01 level except the Skunk River, 1971, 
RNA-P and the Des Moines River, 1970, DNA-P. Eighteen fish in only nine 
batches may account for the large batch variation in the Skunk River, 1970. 
Nasiri (1972) and I working together randomly distributed our samples 
in batches 1-23 for analysis. Upon cursory examination, it can be seen 
that mean values of RNA-P and DNA-P are higher for 1970 than 1971 for both 
our works (Appendix, Table B-2). A comparison was made of our mean nucleic 
acid values per batch with a Spearman Rank Correlation Analysis. RNA-P 
values of channel catfish and of carpsuckers in the same batch were not 
correlated (r^  = -0.08), but the DNA-P values were significantly correlated 
just at the 5% level (r^  = 0.415). The lack of correlation in the EtNA-P 
values suggests that technique differences were not responsible for the 
batch differences, but with DNA-P, technique may have been involved. This 
problem of batch differences is discussed more thoroughly in the discussion 
section. 
Unfortunately the significant differences of nucleic acid values 
between batches were not recognized until all the batches had been analyzed. 
The differences in batches throw some question on further analysis, but 
true relationships jiay still be indicated. 
Analysis of Data Assuming BaZch Differences 
Are Not Significant 
Values of RNA-P, DNA-P, and the RNA-P-DNA-P ratio for channel catfish 
are shown in the Appendix, Tables B-3 throu^  B-6 for each year, river, 
month, sex, and age. Considerable variation is obvious. These data were 
combined for comparison in Table 5 and recorded as mean values and standard 
deviations. Table ô shows the analysis of variance of these data and their 
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Table 5. Combined data of nucleic acid values (mean + standard deviations) 
for years, months, rivers, sexes, and ages for channel catfish 
from the Des Moines and Skunk Rivers, 1970 and 1971 
No. RNA-P DNA-P RNA-P/DNA-P 
Year 
1970 131 541 + 199 44.6 + 49.2 23.1 + 15.3 
1971 188 410 + 178 23.2 + 10.6 18.7 + 7.9 
Month 
April 24 407 + 223 25.4 + 10.7 15.9 + 4.0 
May 
June 
48 
60 
392 + 184 
503 + 208 
24.8 + 20.3 
26.8 + 11.3 
18.9 + 7.0 
20.7 + 10.0 
July 57 493 + 254 41.7 + 61.1 22.9 + 13.1 
August 70 482 + 149 24.2 + 13.6 24.9 + 13.2 
September 55 468 + 156 49.9 + 39.6 16.5 + 13.6 
October 5 314 + 119 21.3 + 5.3 14.8 + 4,2 
River 
Skunk 60 499 + 247 46.6 + 57.5 18.1 + 11.2 
Des Moines 259 456 + 184 29.1 + 24.8 21.1 + 11.8 
Sex 
Male 125 448 + 164 25.4 + 15.3 21.4 + 11.3 
Female 122 439 + 176 20.6 + 9.8 24.6 + 12.1 
Undetermined 72 533 + 261 64.9 + 56.9 13.0 + 7.8 
Age 
0 28 647 + 292 125.1 + 50.1 5.3 + 2.3 
I 54 589 + 182 35.3 + 11.4 17.6 + 6.8 
II 65 509 + 173 23.2 + 10.3 25.4 + 13.0 
III 46 439 + 150 21.1 + 8.7 24.6 + 14.2 
IV 59 400 + 140 23.6 + 18.2 20.6 + 9.0 
V 40 328 + 111 17.5+ 5.9 21.0 + 10.8 
VI 16 288 ± 84 15.2 + 6.1 21.4 + 9.7 
VII 7 347 + 104 17.3 + 4.2 21.9 + 10.7 
VIII 1 258 + -- 21.8 Î — 11.8 + --
IX 2 279 + 81 11.5 + 0.5 24.2 + 6.0 
X 1 172 + — 16.8 + -- 10.2 + — 
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Table 6. Analysis of variance tables for nucleic acid values for channel 
catfish from the Des Moines and Skunk Rivers, 1970 and 1971 
Source df 
RNA-P DNA-P RNA-P/DNA-P 
M.S. F M.S. F M.S. F 
Year 1 170115.9 9.5** 306.5 1.8 2542.7 26.3** 
Month 3 31329.3 1.8 117.7 0.7 20.0 0.2 
River 1 58590.7 3.3 109.3 0.6 2.9 0.03 
Sex 2 96023.1 5.4** 188-2 1.1 417.3 4.3* 
Age 5 180472.2 10.1** 16041.5 94.4** 432.7 4.5** 
Month X River 3 66301.2 3.7 201.0 1.2 87.2 0.9 
Month X Sex 6 48288.9 2.7 11.9 0.1 25.9 0.3 
Month X Age 13 23892.6 1.3 335.4 2.0* 131.3 1.3 
River x Age 3 135891.5 7.6** 513.8 3.0* 34.9 0.4 
Remainder 185 17834.4 170.0 96.5 
interactions where possible. Because of the small sample sizes, data from 
April, May, and October were excluded from this analysis. 
Values for 1970 were higher than for 1971 for all nucleic acid values. 
These differences were significant at the 0.01 level for RNA-P and the 
ratio- No young of the year were captured in 1971, but 28 young of the 
year were taken in 1970. These had very high readings for both RNA-P 
(647.2) and DNA-P (125.1). Without these there was less difference between 
years for RNA-P (1970, 512.9; 1971, 410.1) and no difference for DNA-P 
(1970, 23.7; 1971, 23.2). 
Month to month changes in nucleic acid values were as might be 
expected. General increase was noted in the sunaner months over spring and 
fall (Figure 1). Major deviations from this trend are the lower DNA-P val­
ues of August or the higher values of July and September. Upon examination 
of the data for July and September, it can be seen that these data were 
influenced by the presence of numerous young of the year. Seven young of 
Figure 1, Monthly means of nucleic acid values for channel catfish from 
the Des Moines and Skunk Rivers, 1970 and 1971 
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the year captured in July, 1970, in the Skunk River had mean DNA-P values 
of 191.1, and 1 from the Des Moines River had a IWA-P value of 156.0. 
These values are enough to alter the total mean DNA-P value from 18.0 to 
41.7 by their presence. In September, 1970, the same trend was present. 
Twenty of 41 fish from the Des Moines River were young of the year with 
DNA-P values averaging 98.2. This would change the monthly reading from 
24.3 to 49.9. A comparison of these values is shown in Figure 1 for "with" 
(dashed line) and "'without" (dotted line) age group 0 considered. The 
unusually high DNA-P values of age 0 fish probably are caused by consider­
able cell division. It would be better not to consider these fish in a 
total analysis until more information is available at the cellular or 
molecular level to help interpret the situation of MIA-P for fish of this 
age or until adequate numbers of young of the year can be captured, ana­
lyzed, and included from all months. 
The values of RNA-P, DNA-P, and the ratio of the two rivers were simi­
lar. 
Mean values for sex were significantly different at the 0.01 level for 
RNA-P and 0.05 level for the ratio (Table 6). Because this analysis 
included a third sex consideration, undetermined, these values have little 
meaning. Most of these undetermined fish were immature fish. When these 
were removed from the analysis and a t-test performed on the means between 
sexes (male and female), differences at the 0.01 level were found for the 
DNA-P (t = 3.0, df = 245) and at the 0.05 level for the ratio (t = 2.1). 
No difference was found for the RNA-P (t = 0.41). The source of variation 
for sex and month x sex in Table 6 includes the sex, undetermined. This 
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may be more of an age category and consequently invalidate these considera­
tions . 
Variations of DNA-P between sexes could be due to batch differences. 
To test this, a chi square test was run to determine if there were unequal 
numbers of each sex within batches. This showed that the number of males 
2 
and females per batch were evenly distributed (X = 11.6, 24 df). 
Differences in DNA-P values suggest variations in cell size. Because 
there was no difference in RNA-P between sizes, variations in cell size 
could not be attributed to differences in cell division between sexes. The 
mean value of DNA-P in males (25.4) was higher than in females (20.6). 
This would suggest a larger cell size in females. There were no constant 
differences in sizes of males and females at the various ages (Table 1) nor 
were the age distributions different sufficiently to account for the cell 
size differences. Larger cell size in females is indicated from DNA values 
by Creelman and Tomlinson (1959) in the flesh of sockeye salmon during 
spawning migrations. As they give no sample size, it is impossible to 
determine if the differences in their data are significant. 
Age was determined for most of the fish. Ages ranged from 0 to X 
years. There was a definite decreasing trend in RNA-P and DNA-P values 
with age while the ratio increased during the first three years then 
leveled off (Figure 2). Variation of the ratio at VIII and X years can 
probably be attributed to only one specimen at each of these years. Age is 
the only parameter in which significance at the 0.01 level was noted for 
all nucleic acid values. 
The interactions of the nucleic acids values for month x river, month 
X sex, month x age, and river x age showed little significance. The river 
Figure 2. Means of nucleic acid values of age 0-X channel catfish from the 
Des Moines and Skunk Rivers, 1970 and 1971 
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X age interaction showed the most significance, 0,01 for RNA-P and 0.05 for 
DNA-P. The 0.05 level of significance was noted for differences between 
month X age for DNA-P and month x river for RNA-P (Table 6). Other inter­
actions had too little data to be included in the analysis. 
Analysis of Selected Parameters 
Certain environmental factors were examined to determine their effect 
on the nucleic acid values. These parameters included 1) average water 
level of the previous week (WLPl), 2) average water level of the previous 
two weeks (WLP2), 3) water discharge at time of capture (WD), and 4) aver­
age water temperature of the week prior to capture (TempP). Water dis­
charge represents the rate of flow or volume of water passing a point at a 
time. 
Data were obtained from the U. S. Department of the Interior, Geologi­
cal Survey (1970, 1971) for the Des Moines River from the surface-water 
station near Stratford, Iowa. Data from the Skunk River were procured from 
the uses surface-water station on the "South Skunk River near Âmes» Iowa" 
and from Mr. Michael Sampson, Chief Operator, Water Pollution Control Plant, 
Ames, Iowa. 
Correlations were determined for many of the parameters as shown in 
the Appendix, Table B-7. Few strong correlations were evident. These as 
might be expected include size, age, and water levels of the weeks preced­
ing sampling. 
As correlations give only the intensity of a relationship, multiple 
regression analyses were undertaken to determine a more quantitative rela­
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tionship of various parameters and nucleic acid values. In these, river 
and year are independent. 
The number of specimens from the Skunk River was small for this type 
of analysis in 1970. In the analysis of 19 fish in that year, degrees of 
freedom were used up prior to an analysis of the environmental factors 
(Table 7). Correlations with month, sex, and age for the available data 
are significant at the 0.01 level for the ratio but questionable because of 
the lack of specimens. With 41 fish from the Skunk River in 1971, no sig­
nificant relationship was found (Table 7). Again it should be pointed 
out that sex in these analyses include the category of undetermined, mostly 
young of the year fish, in 1970. 
Table 7. Relationships of nucleic acid values for selected parameters 
expressed as "F" values from multiple regression analysis for the 
Skunk River, 1970 and 1971 
1970 1971 
RNA-P DNA-P Ratio RNA-P DNA-P Ratio 
Month 3.65 1.16 18.59** 0.68 0.21 0.20 
Sex 3.28 0.33 20.15** 0.49 0.62 0.53 
Month X Sex 5.00* 0.003 7.07* 1.36 0.65 0.26 
Age 2.24 1.84 68.47** 0.10 1.19 0.33 
Total length 4.52 0.28 4.06 0.16 0.04 0.0003 
Weight 4.92* 0.88 9.48* 0.35 0.73 0.27 
WLPl — — - - — 0.49 0.23 0.05 
WLP2 - - — — 0.59 0.32 0.04 
WD - - - - 0.35 0.23 0.03 
TempP — — - - 0.05 0.001 0.002 
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In the Des Moines River in 1970, 114 fish were examined. Values for 
sex, size, and water level of the previous two weeks were significant 
(Table 8). The 1971 data from 155 fish from the Des Moines River (Table 8) 
showed water level of the previous week was the only parameter that did not 
statistically affect RNA-P values. This may be an indication that growth 
is not detectable over the period of onr week. Both DNA-P values and ratio 
values show scattered significance but no apparent pattern except possibly 
for the data of month and sex, both of which were significant for all 
nucleic acid values. 
Table 8. Relationships of nucleic acid values for selected parameters 
expressed as "F" values from multiple regression analysis for the 
Des Moines River, 1970 and 1971 
1970 1971 
RNA-P DNA-P Ratio RNA-P DNA-P Ratio 
Month 1.73 0.27 0.50 4.38** 3.67** 2.39* 
Sex 1.70 0.24 4.07* 9.69** 3.91* 7.51** 
Month X Sex 1.63 1.13 1.37 5.37** 0.71 3.27** 
Age 0.03 0.33 0.47 9.05** 4.22* 0.02 
Total length 4.17* 24.73** 1.38 25.81** 10.28** 1.27 
Weight 0.09 19.36** 3.33 11.44** 2.94 0.49 
WLPl 2.62 1.36 0.75 0.02 6.30* 4.60* 
WLP2 3.82* 1.62 1.07 4.58* 0.03 1.54 
WD 0.05 0.43 0.45 8.71** 1.80 5.98* 
TempP 0.04 1.33 0.02 9.24** 1.40 1.33 
A closer examinat ion of the average water leveIs and temperatures of 
preceding weeks was undertaken to determine if a relationship between these 
and nucleic acid values could be established. From the data for the Des 
Moines River, 1970 and 1971, and the Skunk River, 1971 (Tables 9, 10, and 
11), a lowering of water level and an increase of temperature can be noted 
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Table 9. Mean nucleic acid values on sampling days and mean water levels 
of the previous week (WLPl) and previous two weeks (WLP2) and 
mean temperatures of the previous week (TempP) for the Des Moines 
River, 1970 
Date No. RNA-P DNA-P Ratio WLPl WLP2 Tempi 
6-11 4 754 35.3 18.2 2260 2859 24.7 
6-24 6 612 35.2 17.6 2254 2050 25.1 
6-26 2 580 31.9 18.5 2096 2054 25.4 
6-29 1 796 36.8 22.1 1716 1923 26.1 
6-30 5 681 33.8 21.6 1563 1879 27.9 
7-2 1 394 21.2 18.6 1281 1746 28.4 
7-13 1 370 19.4 19.1 539 713 28.7 
7-14 7 527 18.5 30.5 490 619 29.5 
7-21 7 480 18.1 32.4 539 527 30.3 
7-28 11 417 16.0 27.1 635 573 27.7 
8-13 14 485 14.2 35.9 504 457 28.5 
8-21 15 458 13.1 36.8 430 467 27.6 
9-4 23 483 23.1 26.4 101 237 29.5 
through the summer. RNA-P, DNA-P, and ratio values were examined in light 
of these physical factors, but changes from date to date could not be 
Interpreted as indicating trends. 
Starvation Experiment with Channel Catfish 
Two groups of channel catfish from the Des Moines River were held 
without food for 22 and 77 days to ascertain the effects of starvation on 
the RNA-P, DNA-P, and the RNA-P-DNA-P ratios. These fish were collected on 
April 22, 1971, (group I) and June 16, 1971, (group II) using hoop nets. 
In both cases, an attempt was made to select fish of the same size, there­
fore, eliminating possible differences due to age and size. Table 12 demon­
strates a general uniformity of age and size of catfish within each group. 
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Table 10. Mean nucleic acid values on sampling days and mean water levels 
of the previous week (WLPl) and previous two weeks (WLP2) and 
mean temperatures of the previous week (TempP) for the Des 
Moines River, 1971 
Date No. RNA-P DNA-P Ratio WLPl WLP2 TempP 
4-15 8 672 37.5 17.9 4134 6509 13.3 
4-21 15 299 20.0 14.9 3934 5225 17.9 
5-14 4 286 14.1 20.3 1140 1338 20.7 
5-19 6 334 16.3 20.5 1112 1295 21.8 
5-20 11 544 24.8 21.9 1120 1268 21.8 
5-21 6 270 11.8 22.8 1139 1246 22.2 
5-22 14 284 16.4 18.3 1183 1237 21.6 
6-15 3 553 19.5 28.4 7337 4774 26.0 
6-16 8 621 22.5 27.6 7171 5019 26.8 
6-18 1 328 28.1 11.7 5746 5339 27.7 
6-22 8 459 30.1 15.2 3734 5536 28.7 
6-23 10 258 21.7 11.9 3437 5304 29.7 
7-14 10 286 18.7 15.3 5874 5306 24.8 
7-16 1 600 25.6 23.4 4343 5256 26.8 
7-20 1 246 14.3 17.2 2736 4755 26.6 
7-21 1 286 21.3 13.4 2443 4159 27.0 
7-22 1 324 21.3 15.2 2209 3608 27.8 
8-9 2 232 21.6 10.6 722 1006 24.0 
8-10 10 322 20.5 15.7 640 928 23.5 
8-11 6 447 35.5 12.6 630 901 24.0 
8-16 2 519 22.5 23.1 491 607 28.0 
15 Ct.O 1 C A occ 30.4 u" U^ U 4^ 6. o • 6. 
9-14 2 592 21.3 27.8 179 339 26.4 
9-21 1 188 20.6 9.1 146 162 27.0 
The fish were transported to the laboratory in double, large plastic 
bags in plastic tubs. About one-third of each bag was filled with water 
and the fish. The rest of the bag was filled with an oxygen atmosphere, 
and the bags were sealed. Crushed ice was placed in the tubs around the 
bags to keep the transportation environaent cool. 
In the laboratory the fish were held in large outdoor tanks supplied 
with deionized tap water of a constant temperature and compressed air. 
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Table 11. Mean nucleic acid values on sampling days and mean water levels 
of the previous week (WLPl) and previous two weeks (WLP2) and 
mean temperature of the previous week (TempP) for the Skunk 
River, 1971 
Date No. RNA-P DNA-P Ratio WLPl WLP2 TempP 
6-9 2 380 21.9 17.3 144 122 24.2 
6-11 10 501 15.3 31.6 94 119 25.3 
7-2 3 411 19.1 22.9 72 60 27.5 
7-3 3 472 17.1 26.3 89 66 24.7 
7-16 4 450 17.8 27.3 181 24 23.6 
7-17 1 282 21.8 12.9 162 235 22.9 
8-2 3 389 26.2 15.0 19 27 22.0 
8-3 2 456 20.6 21.9 18 24 22.8 
9-1 1 246 14.3 17.2 5 6 25.0 
9-2 9 392 27.4 14.8 4 5 24.7 
9-19 1 282 24.9 11.3 1 2 13.4 
Table 12. Mean age (years) and total length (mean and range) for two groups 
of starved channel catfish on sampling days 
Days Mean age Total lenzth 
starved No. (years) Mean Range 
Group I 
0 10 3.7 296 240-321 
3 4 3.8 309 291-328 
10 4 4.3 332 318-350 
17 4 4.0 303 260-333 
22 3 3.7 285 238-359 
Group II 
0 8 3.9 288 200-336 
10 4 4,0 270 250-292 
17 4 3.8 277 252-300 
26 4 4.0 285 268-302 
33 4 3.8 283 270-292 
41 3 3.3 270 260-316 
47 6 3.0 268 229-342 
54 6 3.3 257 225-277 
64 6 3.3 255 210-304 
77 3 2.8 245 204-256 
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Screens over the entire tank and black plastic sheets over about three-
fourths of the tank minimized the amount of foreign material that might get 
into the tank. The walls of the tanks were scrubbed periodically to elimi­
nate the possibility of a buildup of algae and bacteria that might provide 
a source of food. When waste products accumulated on the bottom of the 
tanks, they were removed by siphoning. 
Muscle samples and spines were taken on the day of capture and at 
about weekly intervals during the experiment. Processing of these samples 
was identical to the methods already described. 
In both starvation groups, the patterns for mean DNA-P values through 
time were similar, irregular with a slight increase, indicating smaller 
cell size but quite constant (Figures 3 and 4). No significant differences 
were noted for DNA-P in either group (Table 13). In Group II (Figure 3), 
RNA-P values seem rather scattered and have a low correlation (r = 0.2) 
with time of starvation. Group II has an overall downward trend for RNA-P 
values. These values are significantly different at the 0.01 level. 
A comparison of these values from Group I and the first 26 days of 
Group II showed differences. RNA-P values dropped in Group I during the 
first three days but rose to higher levels on days 10 and 17. In Group II, 
the greatest drop of RNA-P values occurred between days 0 and 10. As no 
3-day sample was taken, it cannot be determined if the initial 3-day period 
is critical. The values at sampling days 10, 17, and 26 are similar in 
this group. Some differences between groups, especially initial RNA-P val­
ues, may be due to some seasonal variation. Group II was collected almost 
two months later into the growing season than Group I. 
Figure 3. Mean nucleic acid values on sampling days during the starvation 
experiment of channel catfish of Group I from the Des Moines 
River, 1971 
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Figure 4. Mean nucleic acid velues on sampling days during the starvation 
experiment of channel catfish of Group II from the Des Moines 
River, 1971 
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Table 13. Mean squares and variation of nucleic acid values between and 
within (F) two starved groups of channel catfish 
M.S. F 
Group I 
RNA-P 29342.25 3.699* 
DNA-P 30.29 0.719 
Ratio 85.40 3.351* 
Group II 
RNA-P 60034.11 6.803** 
DNA-P 50.54 1.338 
Ratio 176.10 3.945** 
Trends in the ratio values are very similar to those of the RNA-P val­
ues for both groups (Figures 3 and 4). Significant differences of ratio 
values were at the 0.05 and 0.01 levels for Groups I and II, respectively 
(Table 13). 
The increase of RNA-P and the ratio at the seventy-seventh day in 
Group II seems unusual. Nasiri (1972) found a similar increase in carp-
suckers at the same time. Because our fish were being maintained in the 
same tanks and sampled at the same time, it is possible chat some food con­
taminant may have been present or the most vigorous fish were able to more 
readily escape the sampling net or the greatly reduced population density 
had an effect. The four catfish from the last sample were processed in the 
same batch which might indicate inaccuracies in technique, but the carp-
suckers which showed the same increase were processed in batches other than 
with the catfish. 
Shell (1963) suggests that growth of channel catfish may be influenced 
by a previous diet for up to two weeks. If this is true for a starvation 
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situation, some of the peculiarities of Group I and irregularities in 
Group II RNA-P may be explainable. Little seems to be known about the 
starvation physiology of fish. A seemingly accepted but not well docu­
mented phenomenon is that fish exist during periods of starvation by metab­
olizing reproductive, muscular, and visceral tissue, respectively. The 
various irregularities of RNA-P values may be indicative of this. 
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DISCUSSION 
One of the most perplexing aspects of this study has been the differ­
ences between batches. Bulow (1969) does not consider a comparison of 
batch analysis in his validation of this growth determination method. 
Nasiri (1972) does consider it but only reports it as a percentage of vari­
ation between batches. In my study, this percentage of variation is low 
(RNA-P = 18.2, MÎA-P = 12.5), buL I find significant differences between 
batches at the 0.01 level for both nucleic acid values. This indicates 
that the differences between batches contributed significantly to the vari­
ance of the nucleic acid values. The differences between batches may be 
due to variation in technique or to nonrandomization of the batches. In 
the chemical analysis, nucleic acids were extracted by several treatments 
with hot TCA. This has been shown to be a sensitive step in the method 
(Schneider, 1957). Conceivably the completeness of extraction might differ 
from batch to batch. It is possible that the technique changed unnoticed 
by us as we becase more experienced or as the technique became more rou­
tine. The 1971 batches differed significantly from the 1970 batches, but 
there does not seem to be other evidence of trends from first to last 
batch. 
There is evidence that true randomization was not achieved. A compar­
ison of mean nucleic acid values in batches (Appendix, Table B-1) shows 
three very higjh mean DNA-P values for batches 1, 6, and 10 (64.9, 78.2, and 
84.8). Closer examination of these batches showed that the 7 fish in batch 
1 are all from the Skunk River early in the year. Batches 6 and 10 have 12 
fish each. Three young of the year in batch 6 have very high ENA-P values 
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while in batch 10 five of the fish are age 0. Batch 12, which also has a 
high reading, shows 7 of 12 fish to be age 0. Apparently randomization of 
specimens was not as random as was expected. Batches from 1971 seem to 
have been picked more at random than in 1970. 
The validity of the technique can be supported by the fact that no 
strong trends occurred between the RNA-P values from channel catfish and 
carpsuckers processed in the same batch. DNA-P values, however, were just 
significantly correlated at the 0.05 level. The fact that seasonal and age 
trends and starvation patterns for the nucleic acids are generally as would 
be expected suggests validity of technique. 
Catfish from the Skunk River tended to be bigger at a given age than 
those from the Des Moines River, yet the mean ratio values from the Des 
Moines River (21.1) and the Skunk River (18.1), althougjh not significantly 
different at the 0.05 level, do suggest that catfish from the Des Moines 
River grew more during the study period. There is also a tendency for fish 
to be bigger in 1971 than in 1970. In 1970 the mean ratio value is higher 
and significantly different at the 0.01 level than in 1971. Here an infer­
ence may be made that perhaps catfish are larger in 1971 because they grew 
more in 1970. 
Cell size affects the nucleic acid values per weight of tissue, and 
this may affect some of the results of this study. Lcvs (1958) showed dif­
ferences in cell size among the myotomes of Gadus mohua. The largest cells 
were found in myotomes 11-14, counting from the point of severance from the 
head. The smallest cells were in the most caudad myotomes. He also showed 
that growth in this species is by increasing cell size. Unfortunately he 
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had no specimens smaller than about 250 mm and could not discern the size 
at which muscle cell division ceased and cell size increase began. 
Bulow's (1969) data indicate that smaller cells are more caudad in 
bluegills. In anterior epaxial muscle, mean DNA-P values are 15.5 + 5.5 
and 15.6 + 3.8 for 12 fish each. Posterior epaxial muscle had DNA-P values 
of 20.7 + 3.1 and 22.4 + 3.9. Although these values were not significantly 
different at the 0.05 level as determined by a t-test of the mean, there is 
a suggestion of difference in cell size. A t-test of the mean between 
RNA-P values for anterior and posterior muscle in the two sets of data show 
differences of one to be at the 0.05 level (t = 2.337, df = 22) and the 
other to be at the 0.2 level (T = 1.496, df = 22). 
If smaller cells are more caudad in myotomes of channel catfish, 
nucleic acid values of small fish may be inflated by comparison with larger 
fish. Because of small size of age 0 catfish, it was necessary to take the 
entire epaxial muscle, often from both sides. In age I fish, proportion­
ally more of the epaxial muscle was taken than from larger fish. This 
would cause the samples from these smaller fish to have more small cells 
than samples from larger fish and may explain some of the higher nucleic 
acid values in smaller channel catfish. 
Young of the year catfish were taken only in 1970 in both the Skunk 
and Des Moines Rivers. Values of RNA-P and DNA-P were high for each while 
the ratios were low (Table 14). Table 5 can also be referred to for com­
parisons of nucleic values and ages. 
The RNA-P values do not seem as out of line as do the DNA-P and ratio 
values. Higher RNA-P values would be expected if more rapid protein syn­
thesis (i.e., growth) was occurring as would be assumed for young of the 
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Table 14. Nucleic acid values (mean and range) for age 0 and older channel 
catfish from the Skunk and Des Moines Rivers, 1970 
RNA .-P MÎA-•P Ratio 
River Age No. Mean Range Mean Range Mean Range 
Skunk 0 7 1059 982-1210 191.9 145-263 5.7 4.0-7.7 
I-IV 12 511 296-762 45.4 7-124 17.2 4.2-44.2 
Des Moines 0 21 530 306-746 101.2 54-140 5.7 3.0-10.4 
I-VI 96 496 202-1014 19.9 6-57 29.0 7.1-70.8 
year fish. If the mean RNA-P value for age 0 (647.2) and age I (589.2) 
fish (Table 5) are calculated into the ratio using the average DNA-P value 
for all channel catfish without young of the year included (23.4), the 
ratios would be 28.1 and 25.6, respectively. These values are what might 
be expected of smaller cells in younger fish. It seems reasonable to ques­
tion if the RNA-P or ratio values give a better indication of growth in age 
0 channel catfish. Growth occurs by cell division and by increase in cell 
size. The RNA-DNA ratio is basically a measure of only the latter. RNA in 
younger fish with small rapidly dividing cells may be a better measure of 
growth per volume of tissue than is the ratio. Further studies are neces­
sary to determine at what age or size cell division ends and cell growth 
begins in catfish. 
Ideas that have not been considered in growth of fish muscle in rela­
tion to DNA are the satellite cell theory of muscle growth and extranuclear 
DNA. If nuclear division is occurring very rapidly in cells surrounding 
small muscle cells in young fish prior to and during nucleus incorporation 
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into the cell mass, very high DNA readings could occur. Although there is 
some information available about this in rats (Enesco and Leblond, 1962; 
Enesco and Buddy, 1964; MacConnachie et al., 1964; Moss and Leblond, 1971), 
chickens (Moss, 1968a, 1968b), and beef cattle (personal communication from 
A. H. Trenkle, Department of Animal Science, Iowa State University, Ames, 
Iowa), nothing is known of this in fish. There is also the possibility of 
increased amounts of extranucleic DNA. In rapidly dividing cells, more 
centrioles and mitochondria may be present per volume of tissue which would 
give a higher value for DNA. 
Since Nasiri (1972) and I worked together on our studies, it is pos­
sible to make direct comparisons. The overall mean values of nucleic acids 
for channel catfish are higher for RNA-P (436.7) and the ratio (20.5) than 
carpsuckers (RNA-P = 410.5, ratio = 12.1). Catfish had lower DNA-P values 
(32.0 vs 38.8). Using the ratio as a measure of growth indicates catfish 
grew more during the study period. 
In both studies, higher nucleic acid values were reported for 1970. 
By the ratio and RNA-P values, 1970 was a better growth year for both 
genera. This seems reasonable since water levels were lower and tempera­
tures were higher in 1970 in the Des Moines River than in 1971. Available 
food would be more concentrated with less water, and more rapid growth 
would occur at the higher temperature. The pattern for the Skunk River for 
these years is generally similar but not as apparent. 
Seasonal variation in both genera for the studied values were as might 
be expected. RNA-P was lower in the spring and fall and peaked in July. 
On a seasonal basis, carpsuckers show more variation in this value than 
catfish. The ratio followed a similar pattern but showed the month of max­
imum growth to be August with July second for both genera. DNA-P was 
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erratic through the seasons for both genera. Harrison (1957b) and Muncy 
(1959) found growth of channel catfish as measured by total length to be 
very rapid until July after which it leveled off. In carpsuckers (Keeton, 
1963), growth speeded up through June, July, and August then tapered off. 
Harrison (1957b) believed the growth pattern in channel catfish after mid­
summer was inhibited by environmental stresses during the years of his 
studies, which also encompassed Muncy's work, and was not an inherent char­
acteristic of the species. 
In carpsuckers, almost no differences were noted in all nucleic acid 
values between rivers and between sexes. The same is generally true for 
RNA-P and DNA-P in channel catfish if the young of the year are not 
included. The ratio in catfish indicates that growth was better in the Des 
Moines River and females grew better than males. 
Catfish showed the same pattern of nucleic acid values with age as 
carpsuckers did with size, a general decrease in nucleic acid values with 
increased age or size. In catfish more irregularities were apparent in the 
data than in carpsuckers. To see if in catfish there were similarities of 
nucleic acid values between fish of similar sizes but different ages, 
t-tests were run on fish from the Des Moines River for both years. Large 
fish of age I were compared with small fish of age II, large age II fish 
were compared with small age III fish, etc. Table 15 shows the "t" values 
from these tests. Significant differences were found at the 0.05 level for 
RNA-P, ages i and II, 1971. Size seems to be as reasonable a criterion as 
age in relation to nucleic acid values. 
As fish grow, the mouth and gut increase in size so there is a gradual 
change of diet to larger prey. Keeton (1963) states that catfish greater 
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Table 15. T values calculated from nucleic acid values of fish of two dif-
ferent ages but similar total lengths from the Des Moines River 
Age I - II II - III III - IV IV - V 
1970 
No. 7 12 5 6 6 7 
RNA-P 0.148 1.127 1.526 
DNÂ-P 0.888 0.996 0.016 
1971 
No. 5 8 7 6 5 7 14 7 
RNA-P 2.512* 2.187 0.253 0.517 
DNA-P 1.937 0.084 0.305 1.908 
than 3 inches are insectivorous, and those greater than 6 inches are pis­
civorous. Morishita et al. (1964) in Love (1970, p. 84) have found changes 
in proportions of different enzymes according to diet. They also report a 
reduction in enzymatic activity of the alimentary canal of five species of 
Japanese fish with increasing size. A change of diet in z^ aller fish and 
decrease in physiological activity with increased size or age as indicated 
by enzyme activity may account for some of the observed changes in nucleic 
acid values and the ratio of my data. 
A comparison of the effects of water levels and temperatures on the 
nucleic acid values of the two genera does not indicate any totally consis­
tent relationship. There is an increasing trend of the ratios in the Des 
Moines River in 1970 for both genera through August. This seems to reflect 
a decreasing water level and higher temperatures. The Des Moines River in 
1971 had higher cooler water through the sampling period than in 1970. In 
carpsuckers, ratio values increased and reached their highest level in July 
then declined. The ratio in catfish was erratic but generally increased 
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through the sampling period. From Nasiri's data, the increase of ratio 
values is greater and attains higher levels in 1970. In catfish the 1970 
ratios were much higher than those of 1971. 
I believe work with this technique should continue as it measures the 
prime physiological phenomenon associated with growth, the levels of 
nucleic acids in a cell. Future studies should include a comparison of 
methods used to extract and measure nucleic acids. Such studies might lead 
to agreement by workers in the field for standardization of the technique 
and reporting methods. Currently this causes much confusion and compli­
cates comparisons. For the technique to be most useful in growth studies, 
nucleic acid values should be determined for fish of different ages or 
sizes under controlled conditions of the Laboratory or cage or pond cul­
ture. More work needs to be done with young of the year channel catfish, 
and probably the young of many species, to determine the situation of 
growth in relation to nucleic acid values. More information on seasonal 
changes of nucleic acid values is needed. Winter studies to determine 
natural low values would be desirable for comparison with summer highs and 
spring and fall changes of nucleic acids in wild populations of fish. 
Radiotracers could prove useful in gaining a better understanding of the 
mechanism and use of this technique as a fish management tool. 
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SUMMARY 
1. Ages of channel catfish from the Skunk and Des Moines Rivers captured 
in 1970 and 1971 ranged from 0 to X, and the size at the ages indicated 
more rapid growth in the Skunk River than in the Des Moines River. 
2. Total lengths of channel catfish of the same age caught in different 
years but in the same area of the Des Moines River (Harrison, 1956, 
1957b; Muncy, 1959) and length-weight relationships as indicated by 
regression coefficients (b) from upper (Harrison, 1955), middle (Muncy, 
1959), and lower reaches (Mayhew, 1972) seem similar to the value of 
this study. 
3. Significant differences of nucleic acid values at the 0.01 level 
occurred between batches. This seems attributable to variation in 
technique or nonrandomization of samples in batches. 
4. Mean nucleic acid values for 1970 were higher than for 1971. 
5. Seasonal variation of RNA-P and the ratio based on monthly means 
increased during summer over spring and fall. DNA-P remained fairly 
constant. 
6. Mean nucleic acid values of the two rivers were similar. 
7. Significant differences at the 0.01 level were found for DNA-P between 
males and females, indicating that females had larger cells. No dif­
ferences were found for RNA-P. The ratio between males and females 
differed significantly at the 5% level. 
8. Mean RNA-P and DNA-P values decreased with age of fish while mean ratio 
values increased for the first three years then generally leveled off. 
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9. DNA-P values for young of the year indicated that most growth at this 
age was by cell division rather than increase of cell size. RNA-P val­
ues may be a better estimate of growth than the ratio at this age, 
10. Caudal myotomes seem to have smaller cells and thus the samples taken 
from smaller fish which often included the entire muscle are not 
entirely comparable to those taken from anterior muscle in larger fish. 
11. A comparison of nucleic acid values and selected physical parameters 
(water levels and temperatures) showed no relationship was evident 
from the data. 
12. In starved channel catfish, RNA-P and ratio values decreased over a 77-
day period while in a 22-day experiment with fish captured earlier in 
the year, no conclusive trends were established. 
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APPENDIX A; METHODS OF NUCLEIC ACID DETERMINATION 
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Procedure for Defatting and Drying Muscle Tissue 
The steps for defatting muscle tissue follow Bulow (1969) and require 
about 8 days total. 
1. Muscle tissue was frozen for at least 4 days. 
2. Frozen tissue was cut into small pieces and placed in small jars. 
3. The jars were about 3/4 filled with a 2:1 chloroform-nsethanol mix­
ture, capped, and agitated with an automatic shaker for 12 hours. 
4. The solvent was changed and samples agitated for another 12 hours. 
5. The solvent was replaced with ethyl ether and agitated for 24 
hours. 
6. The ether was poured off, and the samples were air dried for 24 
hours. 
7. Air dried samples were placed in a desiccator for an additional 24 
hours. 
8. Dry fat-free tissue was ground into a powder with a Wiley Mill 
using a number 40 sieve and stored in capped vials. 
After steps 7 or 8, samples can be stored in a dehydrated fat-free 
state for extended time periods. 
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Procedure for Extraction of Total Nucleic Acid 
At this stage, the samples were assigned to batches of up to 37 sam­
ples. 
Nucleic acid was extracted from dry fat-free tissue by the method of 
Webb and Levy (1955) as described by Bulow (1969). 
1. Fifty mg of dry fat-free powdered tissue was suspended in 3 ml of 
57o TCA in thick-walled, 15 ml conical centrifuge tubes. 
2. Suspensions were kept at room temperature and gently hand shaken 
until the powder began to fall to the bottom. 
3. Tubes, in wire test tube racks, were covered with large glass mar­
bles and placed in a water bath at 100° C for exactly 30 minutes. 
4. After exactly 30 minutes, the rack of tubes was immediately placed 
in a cold water bath. 
5. After cooling, each tube received another 3 ml of 5% TCA. The 
tubes were mixed by stirring with a fine glass rod. 
6. The tubes were centrifuged for about 15 minutes, and the superna­
tant fluid was drawn off leaving the insoluble tissue protein at 
the bottom. 
7. Supernatant fluid containing the combined nucleic acids was stored 
in capped vials under refrigeration. 
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Preparation of RNA and DNA S tandard Stock Solution 
(Nucleic Acid Solution) 
1. One hundred mg of MîA powder (Nutritional Biochemicals Corpora­
tion) was placed in a large test tube with 5 ml of glass distilled 
water and warmed until the powder appeared to go into solution. 
2. Ten ml of 5% TCA was added, and the solution was heated at 100° C 
for 60 minutes in a constant temperature bath. A large marble 
covered the test tube to prevent loss from evaporation and yet 
allow gaseous expansion. 
3. The solution was cooled, placed in a 200-ml volumetric flask, and 
brought to volume with 5% TCA. 
4. This process was repeated with RNA. 
5. These stock solutions were stored under refrigeration for up to 6 
months. 
Another technique worth consideration in future work is presented by 
Ferreri (1971). 
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Determination of Total Phosphorus Content 
of the Standard Stock Solutions 
This procedure follows that of Fiske and Subbarow (1925) and is com­
posed of three parts. 
I. Preparation of reagents and solutions 
1. Sulfutcrc acid. Prepare stock solutions of 5 N and 10 N sulfuric 
acid. 
2. Molybdate reagent (acid). Dissolve 25 g of ammonium molybdate in 
200 ml of distilled water. Rinse into a liter volumetric flask 
containing 500 ml of 10 N sulfuric acid and dilute to volume with 
distilled water. Store in a paraffin lined bottle under refrigera­
tion. 
3. Molybdate reagent III (water). Twenty-five g of ammonium molybdate 
was dissolved with distilled water to volume in a liter volumetric 
flask. This was stored in a paraffin lined bottle under refrigera­
tion. 
4. Standard phosphate solution. In a liter volumetric flask, 0.3509 g 
of monopotassium phosphate was dissolved in distilled water. Ten 
ml of 10 N sulfuric acid was added and the solution brought to vol­
ume with distilled water. This standard contains 80 ug of phos­
phorus per ml. 
5. Amino-napthol-sulfonic acid reagent (ANSA). ANSA was purchased in 
pre-mixed dry form from Harleco (Hartman-Leddon Co., Item number 
52532). It was prepared and stored as directed. Dissolve with 
agitation the contents of one vial in 100 ml of warm distilled 
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water, cool to room temperature, filter, and store in an amber 
bottle. 
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Determination of the standard curve 
The standard phosphate solution was diluted from 80 ug phosphate 
per ml to four standards (5, 10, 15, and 20 ug phosphate per ml) in 
four 100-ml volumetric flasks. Color development for the four stan­
dards and a blank were attained using the following procedure. 
1. Add 5 ml of each of the four standard phosphate solutions and a 
blank (5 ml distilled water) in five 100-ml volumetric flasks. 
2. Add 65 ml of distilled water. 
3. Add 10 ml of molybdate (acid) reagent. 
4. Add 4 ml of ANSA reagent. 
5. Mix and dilute to volume with distilled water; remix. 
6. Let stand for 5 minutes and immediately measure against a blank at 
700 mu. 
All colorimetric determinations were made using a. Bausch and Lomb 
Spectronic-20 colorimeter. 
This procedure was repeated several times, and average optical 
densities were used to construct the standard phosphorus curve which 
relates phosphorus concentration to absorbance (optical density). 
Care should be taken to be sure that the sample phosphate values 
are in the range of the known values on the standard curve by extend­
ing the curve's known values or diluting the sanmles. 
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III. Determination of nucleic acid phosphorus content in the standard stock 
solutions 
This procedure is identical for both RNA and DNA standard stock 
solutions. 
1. Five ml of nucleic acid solutions and 5 ml of 5 N sulfuric acid 
were added to a large-lipped Pyrex test tube (200 x 25 mm). Five 
ml of 57o TCA replaced the nucleic acid solution in the blank. 
2. Several small glass beads were added, and the mixture was carefully 
heated and hand agitated over a microburner in a hood. 
3. When the solutions had boiled down to a small amount of fluid, 
dense white fumes appeared, and the solution turned dark yellow or 
amber. Carefully, boiling was continued until no further darkening 
occurred. 
4. Two drops of concentrated nitric acid were run down the side of the 
test tube to decolorize the solution. 
5. Boiling was continued for 30 seconds to get rid of the nitric acid. 
6. The test tube was removed from the heat- cooled slightly, and fur­
ther cooled under cold tap water. 
7. Contents of the tube were poured into a 50-ml volumetric flask. 
The tube was rinsed three times with about 10 ml of distilled 
water, the washings being poured into the flask. 
8- Five ml of molybdate reagent III (water) and 2 ml of ANSA reagent 
were added to the flask. 
9. The solution was mixed, brought to volume with distilled water, and 
remixed. 
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10. After standing for five minutes, the blue color was measured 
against a blank at 700 mu. 
Using the standard phosphate curve, the phosphorus content in the 
nucleic acid standard stock solution could be determined. Because 
these concentrations were too high to conveniently be determined on the 
phosphate standard curve, dilutions were made of the nucleic acid stan­
dard stock solutions using 5% TCA. 
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Colorimetric Determination of RNA-P and IWA-P Contents 
RNA-P content was determined using the orcinol methods of Lusena 
(1951) as described by Schneider (1957). 
Orcinol reagent preparation. One g of orcinol was dissolved, immedi-
diately before use in 100 ml of concentrated HCl containing 0.5 g of 
FeCl3. 
Method of color development for RNA-P 
1. Duplicate (two tubes for each sample) 0.5 ml aliquots of nucleic 
acid extract and RNÂ and DNA, standard stock solutions were put in 
glass test tubes. 
2. Each tube received 1.5 ml of distilled water and 2 ml of orcinol 
reagent. The contents were stirred. 
3. A blank of 2 ml of distilled and 2 ml of orcinol reagent was pre­
pared. 
4. Tubes were covered with marbles and heated at lOO" C for 60 min­
utes . 
5. After cooling in a cold water bath, optical densities of the sam­
ples were measured against the blank at 660 mu. (The color was a 
greenish-yellow.) 
70 
DNA-P was determined using the Burton modification of the Diphenylamine 
reaction (Burton, 1956). 
Diphenylamine reagent preparation. Fisher-Special indicator grade 
diphenylamine (1.5 g) was dissolved in 100 ml of glacial acetic acid 
and 1.5 ml of concentrated sulfuric acid. Immediately before use, 0.5 
ml of aqueous acetaldehyde (2.1 ml acetaldehyde per 100 ml of acetic 
acid) was added to the diphenylamine mixture. The aqueous acetaldehyde 
was prepared just prior to each use. 
Perchloric acid (IN). Distilled water was added to 83.5 ml of con­
centrated (70%) perchloric acid to bring the volume to 1 liter. 
Method of color development for DNA-P 
1. Duplicate (2 tubes for each sample) 1 ml aliquots of nucleic acid 
extract and DNA standards were combined with 1 ml of 1 N perchloric 
acid and 2 ml of diphenylamine reagent. 
2. A blank was prepared replacing the nucleic acid extract with 1 ml 
of 5 percent ÏCA. 
3. The contents were stirred and the tubes heated at 30" C for about 
18 hours (16-20). 
4. Optical density was measured at 600 mu against the blank. (The 
color was a light blue.) 
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To read the optical densities of these sangles, the Spectronic-20 was 
zeroed using the blank for RNA or DNA. depending on the material to be meas­
ured. DNA was checked in each batch of the orcinol reaction for RNA using 
the DNA standard to see if there was any interference in color development 
with RNA. No interference was noted. To increase accuracy, two tubes were 
read and the machine again was checked for zero against the blank. This 
process was repeated until all tubes were read and optical densities 
recorded. Duplicates were never read together, but one series of tubes 
was read and then the duplicates. Any duplicate tubes which were deemed to 
have optical densities that were too far apart compared to the other tubes 
and our experience were reread with zeroing between each reading. Optical 
densities were recorded as the average between tht two readings. 
72 
APPENDIX B: TABLES 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
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Mean RNA-P and DNA-P values and numbers of catfish from the 
Skunk and Des Moines Rivers per batch 
No. fish No. fish 
from Skunk from Des Mean Mean 
River Moines River RNA-P DNA-P 
7 0 583 64.9 
1 0 636 38.7 
0 4 754 35.3 
0 11 639 36.6 
0 2 606 20.3 
0 12 606 78.2 
3 5 505 38.8 
1 9 369 37.4 
0 5 489 18.8 
0 12 539 84.8 
2 4 453 38.7 
0 12 596 47.4 
1 11 525 24.4 
1 11 625 38.2 
1 9 360 30.6 
0 17 504 22.6 
1 15 556 23.3 
2 12 435 20.4 
3 10 345 17.0 
9 1 357 19.3 
2 21 391 27.9 
2 22 354 22.4 
7 14 397 27.2 
16 10 280 17.0 
0 33 511 32.0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
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Mean RNA-P and DNA-P values for catfish and carpsuckers per 
batch 
RNA-P DNA-P 
Catfish Carpsuckers Catfish Carpsuckers 
583 765 64.9 97.9 
636 446 38.7 36.7 
754 247 35.3 40.8 
639 456 36.6 49.9 
606 432 20.3 47.2 
606 296 78.2 35.8 
505 519 38.8 44.0 
369 501 37.4 46.7 
489 450 18.8 37.4 
539 387 84.8 35.6 
453 396 38.7 43.0 
596 343 47.4 35.3 
525 366 24.4 32.7 
625 359 38.2 45.8 
360 511 30.6 33.6 
504 495 22.6 31.3 
556 560 23.3 34.4 
435 362 20.4 40.8 
345 524 17.0 28.4 
357 310 19.3 26.7 
391 299 27.9 26.8 
354 304 22.4 22.5 
397 279 27.2 25.2 
Table B-3. Means and ranges of RNA-P and DNA-P (ng per 100 mg DFFT) and RNA-P/DNA-P values for chan­
nel catfish from the Skunk River, 1970 
Month Sex Age No. 
RNA -P DNA-P RNA-P/DNA-P 
Mean Range Mean Range Mean Range 
May Male IV 6 554 442-690 64.5 44.9-124.0 9.7 4.2-14.2 
Female IV 1 762 — 67.0 — 11.4 
Combined Total 7 583 442-762 64.9 44.9-124.0 9.9 4.2-14.2 
June Male II 1 636 - - 38.7 16.4 -  -
July Female VI 1 332 — — 10.0 — — 33.2 — — 
Undet. 0 7 1059 982-1210 191.9 145.0-263.0 5.7 4.0-7.7 
Combined Total 8 968 332-1210 169.1 10.0-263.0 9.2 4.0-33.2 
August Male II 1 452 — — 20.6 — — 21.9 — — 
Female IV 1 334 - - 14.9 - - 22.4 --
VI 1 296 -  - 6.7 -- 44.2 
Combined 2 315 296-334 10.8 6.7-14.9 33.3 22.4-44.2 
Combined Total 3 361 296-452 14.1 6.7-20.6 29.5 21.9-44.2 
Table B-4. Means and ranges of RNA-P and DNA-P (kkg per 100 
nel catfish from the Skunk River, 1971 
Month Sex Age No. 
RNA-P 
Mean Range 
June 
July 
August 
Male II 6 435 294-698 
Female I 1 190 — 
11 2 361 304-418 
III 3 427 262-700 
Combined 6 365 190-700 
Combined I 1 190 -  -
II 8 416 294-698 
III 3 427 262-700 
Combined Total 12 400 190-700 
Male I 1 594 — -
II 1 554 - -
III 4 382 250-550 
Combined 6 446 250-594 
Female II 2 419 408-430 
III 2 467 388-546 
Combined 4 443 388-546 
Undet. III 1 282 - -
Combined I 1 594 -  -
11 3 464 408-554 
III 7 400 250-550 
Combined Total 11 430 250-594 
Male I 3 389 352-410 
II 1 250 
Combined 4 355 250-410 
Female III 1 662 - -
Combined Total 5 416 250-662 
mg DFFT) and RNA-P/DNA-P values for chan-
DNA-P RNA-P/DNA-P 
Mean Range Mean Range 
24.8 6.2-49.4 
14.9 
19.0 12.4-25.6 
16.0 11.8-22.5 
16.8 11.8-25.6 
14.9 
23.3 6.2-49.4 
16.0 11.8-22.5 
20.8 6.2-49.4 
19.9 
12.4 
20.5 11.3-23.7 
19.0 11.3-23.7 
17.9 17.4-18.3 
15.0 13.7-16.2 
16.4 13.7-18.3 
21 .8  
19.9 
16.0 12.4-18.3 
19.1 11.3-23.7 
18.3 11.3-23.7 
26.2 23.1-28.7 
19.9 
24.6 19.9-28.7 
21.3 
24.0 19.9-28.7 
23,7 8.2-47.4 
12.8 - -
20.4 16.3-24.5 
29.9 11.6-51.1 
23.9 11.6-51.1 
12.8 — 
22.9 8.2-47.4 
29.9 11.6-51.1 
23.8 8.2-51.1 
29.8 •* — 
44.7 
20.0 10.5-28.5 
25.7 — 
23.5 23.4-23.5 
31.0 28.3-33.7 
27.2 23.4-33.7 
12.9 — 
29.8 - -
30.5 23.4-44.7 
22.1 10.5-33.7 
25.1 10.5-44.7 
15.0 12.3-17.7 
12.6 — 
14.4 12.3-17.7 
31.1 — 
17.8 12.3-31.1 
Table B-4. (Continued) 
Month Sex Age No 
Sepcember Male II 1 
III 2 
Combined 3 
Female II 1 
III 2 
Combined 3 
Undet. I 2 
II 2 
III 1 
Combined 5 
I 2 
II 4 
III 5 
Combined Total 11 
October Undet. Ill 1 
IV 1 
Combined Total 2 
RNA-P DNA-P RNA-P/DNA-P 
Mean Range Mean Range Mean Range 
236 -  - 22.5 -  - 10.5 
455 385-524 29.9 26.4-33.7 15.2 14.8-15.5 
382 236-524 27.4 22.5-33.7 13.6 10.5-15.5 
582 -  - 31.8 - - 18.3 -  -
387 306-468 20.9 12.4-29.3 20.4 16.0-24.7 
452 306-582 24.5 12.4-31.8 19.7 16.0-24.7 
393 374-412 31.2 29.3-33.1 12.7 11.3-14.1 
264 246-282 19.6 14.3-24.9 14.3 11.3-17.2 
240 t — 28.7 « - 8.4 — 
254 240-412 26.1 14.3-33.1 12.5 8.4-17.2 
393 374-412 31.2 29.3-33.1 12.7 11.3-14.1 
337 236-586 23.4 14.3-31.8 14.4 10.5-18.3 
385 240-524 26.1 12.4-33.7 15.9 8.4-24.7 
343 240-582 26.0 12.4-33.7 14.7 8.4-24.7 
476 — — 25.6 — — 18.6 — — 
224 — — 24.3 -  - 9.2 - -
350 224-476 25.0 24.3-25.6 13.9 9.2-18.6 
Table B-5. Means and ranges of RNA-P and DNA-P (pig per 100 mg DFFT) and RNA-P/DNA-P values for cat 
fish from the Des Moines River, 1970 
Month 
June 
July 
Sex Age No. 
RNA-P DNA-P RNA-P/DNA-P 
Mean Range Mean Range Mean Range 
Male I 3 631 468-800 36.9 33.7-43.2 17.0 13.9-18.5 
II 2 697 594-800 36.9 41.9-43.2 16.4 14.2-18.5 
IV 2 572 564-580 21.4 19.6-23.1 27.0 24.4-29.6 
V 1 526 —  - 19.4 -- 27.1 -  -
Undet. 1 582 -  - 28.1 -  - 20.7 -  -
Combined 9 615 468-800 31.8 19.6-43.2 20.6 13.9-29.6 
Female I 1 502 — 35.0 - - 14.3 — 
II 2 747 506-988 40.3 24.9-55.7 19.0 17.7-20.3 
III 1 686 — 21.2 32.4 — 
Combined 4 671 502-988 34.2 21.2-34.2 21.2 14,3-32.4 
Unde t. I 3 802 563-1014 44.4 35.0-51.4 17.9 15.3-21.6 
II 2 710 624-796 32.8 28.7-36.8 21.7 21.6-21.7 
Combined 5 765 563-1014 39.8 28.7-51.4 19.4 15.3-21.7 
Combined I 7 686 468-1014 39.8 33.7-51.4 17.0 13.9-21.6 
II 6 718 506-988 36.7 24.9-55.7 19.0 14.2-21.7 
III 1 686 - - 21.2 — 32.4 -  -
IV 2 572 564-580 21.4 19.6-23.1 27.0 24.4-29.6 
V 1 526 -  - 19.4 -  - 27.1 -  -
Undet. 1 582 —  - 28.1 - - 20.7 --
Combined Total 18 629 468-1014 33.9 19.4-55.7 20.4 13.9-29.6 
Male II 3 653 552-834 21.8 13.1-30.6 31.9 26.3-42.1 
III 1 682 — 21.3 - - 29.5 — 
IV 4 360 202-440 14.2 13.1-18.1 25.6 15.4-33.6 
V 2 354 292-416 18.7 18.1-19.3 18.9 16.1-21.6 
Undet. 1 274 — 16.8 - - 16.3 
Combined 11 460 202-834 18.0 13.1-30.6 25.6 15.4-42.1 
00 
Table B-5. (Continued) 
RNA-P 
Month Sex Age No. Mean Range 
Female 
Undet. 
Combined 
August 
Combined 
Male 
I 1 636 - -
II 2 610 604-616 
III 1 528 - -
IV 3 307 258-380 
VI 1 522 - -
Combined 8 478 258-636 
0 1 370 - -
I 2 577 520-634 
II 3 377 368-394 
III 1 370 - -
Undet. 1 370 - -
Combined 8 425 368-634 
0 1 370 
I 3 597 520-636 
II 8 539 368-834 
III 3 527 370-682 
IV 7 337 202-440 
V 2 354 292-416 
VI 1 5? --
Undet;. 2 3 4-370 
Total 27 4 ,2-834 
II 4 r 392-574 
III 2 458 384-532 
IV 3 487 454-520 
V 3 420 372-492 
Undet:. 1 380 --
Combined 13 470 372-574 
DNA-P 
Mean Range 
RNA-P/DMA-P 
Mean Range 
24.3 -- 26.2 
10.6 8.7-12.5 59.6 48.3-70.8 
10.6 49.8 
15.8 11.3-18.1 21.2 14.3-33.6 
13.1 -- 39.8 --
14.6 8.7-24.3 37.3 14.3-70.8 
156.0 -- 2.4 --
23.1 13.1-33.1 29.5 19.2-39.7 
17.4 13.7-21.2 22.3 18.6-26.9 
19.4 — 19.1 — 
22.5 - - 16.4 — 
37.1 13.1-156.0 20.5 2,4-39.7 
156.0 -- 2.4 
23.5 13.1-33.1 28.4 19.2-39.7 
17.4 8.7-30.6 35.2 13.7-70.8 
17.1 10.6-21.3 32.8 19.1-49.8 
14.9 11.3-18.1 23.7 14.3-33.6 
18.7 18.1-19.3 18.9 16.1-21.6 
13.1 -- 39.8 — 
19.7 16.8-22.5 16.4 16.3-16.4 
22.6 8.7-156.0 27.5 2.4-70.8 
13.6 9.3-19.3 43.2 25.1-61.1 
15.0 13.1-16.8 31.8 22.9-40.6 
13.9 10.0-18.7 37.0 26.0-45.4 
11.2 9.3-13.7 37.8 35.9-40.0 
10.0 -- 38.0 - -
13.0 9.3-19.3 38.4 22.9-61.1 
Table B-5. (Continued) 
Month Sex Age No. 
RNA-P 
Mean Range 
Female 
Combined 
Combined 
September Male 
Female 
I 1 772 
II 2 457 272-642 
III 3 554 478-706 
IV 5 410 274-464 
V 3 445 376-528 
VI 1 262 — 
Undet, 1 548 
Combined U 472 262-772 
I 1 772 --
II 6 499 272-642 
III 5 516 384-706 
IV 8 439 274-520 
V 6 433 372-528 
VI 1 262 - -
Undet. 2 464 380-548 
Total 29 471 262-772 
I 1 708 •» — 
II 2 489 366-612 
III 3 515 478-590 
IV 1 454 --
V 1 350 - -
Combined 8 505 350-708 
I 1 302 
II 3 519 450-614 
III 2 555 372-738 
IV 1 534 
V 1 330 - -
Combined 8 479 302-738 
DNA-P 
Mean Range 
RNA-P/DNA-P 
Mean Range 
19.3 --
13.4 13.1-13.7 
11.4 9.3-13.1 
14.3 10.6-18.1 
17.4 14.7-21.8 
10.6 — 
11.3 — 
14.1 9.3-21.8 
19.3 — 
13.5 10.0 19.3 
12.8 9.3-16.8 
14.2 10.0-18.7 
14.3 9.3-21.8 
10.6 --
10.7 10.0-11.3 
13.6 9.3-21.8 
33.1 — — 
18.1 13.7-22.5 
19.5 12.4-28.1 
19.9 - -
6.2 
19.3 6.2-33.1 
14.3 — 
18.5 11.3-28.7 
17.8 10.6-24.9 
25.6 --
11.3 
17.9 10.6-28,7 
40.0 --
34.5 19.9-49.0 
49.2 36.5-59.8 
29.3 20.9-38.7 
26.9 17.2-35.9 
24.7 --
48.5 --
34.8 17.2-59.8 
40.0 --
40.3 19.9-61.1 
42.2 22.9-59.8 
32.2 20.9-45.4 
32.4 17.2-40.0 
24.7 — 
43.3 38.0-48.5 
36.4 17.2-61.1 
21.4 m #» 
30.5 16.3-44.7 
28.6 21.0-38.5 
22.8 --
56.5 - -
31.0 16.3-56.5 
21.1 --
31.0 21.4-39.8 
42.3 14.9-69.6 
20.9 — 
29.2 --
31.1 14.9-69.6 
Table B-5. (Continued.) 
Month Sex Age No. 
Undet. 0 20 
I 7 
Combined 27 
Combined 0 20 
I 9 
II 5 
III 5 
IV 2 
V 2 
Combined Total 43 
RNA-P DNA-P RNA-P/DNA-P 
Mean Range Mean Range Mean Range 
539 306-746 98.2 53.9-140.0 5.9 3.0-10.4 
472 248-690 34.2 24.9-57.0 14.8 7.1-26.9 
522 248-746 80.3 24.9-140.0 8.4 3.0-26.9 
539 306-746 98.2 53.9-140.0 5.9 3.0-10.4 
507 248-708 31.8 14.3-57.0 16.2 7.1-26.9 
504 366-614 20.4 11.3-28.7 30.8 16.3-44.7 
531 372-738 18.8 10.6-28.1 34.1 14.9-69.6 
494 454-534 22.8 19.9-25.6 21.9 20.9-22.8 
340 330-350 8.8 6.2-11.3 42.9 29.2-56.5 
509 248-746 56.2 6.2-140.0 17.2 3.0-69.6 
Table B-6. Means and ranges of RNA-P and DNA-P (^ g per 100 mg DFFT) and RNA-P/DNA-P values for cat­
fish from the Des Moines River, 1971 
RNA-P DNA-P RNA-P/DNA-P 
Month Sex Age No. Mean Range Mean Range Mean Range 
Male IV 4 264 228-308 20.0 12.4-27.5 14.8 9.3-24.8 
V 2 235 148-322 19.1 10.6-27.5 12.9 11.7-14.0 
Undet. 1 538 26.3 - - 20.5 - -
Combined 7 295 148-538 20.6 10.6-27.5 15.1 9.3-24.8 
Female II 1 372 — 28.7 — 13.0 - -
IV 3 286 256-340 19.3 16.8-23.1 15.2 11.1-18.8 
V 4 283 192-346 20.6 11.8-26.3 14.1 12.1-16.3 
VI 1 294 15.6 — 18.8 — 
Combined 9 295 192-372 20.5 11,8-28.7 14.9 11.1-18.8 
Undet. I 6 756 634-914 40.7 34.3-48.8 18.8 13.5-23.2 
II 1 468 - - 26.8 — 17.5 — 
V 1 268 — 13.7 - - 19.6 — 
VI 1 322 — 22.5 -  - 14.3 
Combined 9 622 268-914 34.1 13.7-48.8 14.1 13.5-23.2 
Combined I 6 756 634-914 40.7 34.3-48.8 18.8 13.5-23.2 
II 2 420 372-468 27.8 26.8-28.7 15.3 13.0-17.5 
IV 7 273 228-340 15.3 12.4-27.5 13.5 9.3-24.8 
V 7 267 148-346 19.2 10.6-27.5 14.5 11.7-19.6 
VI 2 308 294-322 19.1 15.6-22.5 16.6 14.3-18.8 
Unde t. 1 538 26.3 - - 20.5 - -
Combined Total 25 413 148-914 24.2 10.6-48.8 15.7 9.3-23.2 
Male II 3 565 494-612 27.9 24.9-30.6 20.5 17.6-24.6 
III 1 366 -  - 18.1 20.2 — 
IV 3 296 270-340 19.1 13.7-24.3 16.2 11.4-19.7 
V 8 257 204-298 17.0 11.8-23.1 16.2 8.8-24.1 
VI 2 239 214-264 17.9 13.2-22.5 14.8 9.5-20.0 
Combined 17 323 204-612 19.4 11.8-30.6 17.0 8.8-24.6 
Table B-6. (Continued) 
Month Sex Age No. 
Female 
Undet. 
Combined 
June 
Combined 
Male 
I 1 926 
II 3 705 
III 3 348 
IV 5 316 
V 2 302 
VI 1 312 
VII 1 386 
IX 1 336 
Combined 17 429 
VI 3 217 
VII 3 355 
IX 1 222 
Combined 7 277 
I 1 926 
II 6 635 
III 4 353 
IV 8 308 
V 10 266 
VI 6 240 
VII 4 363 
IX 2 222 
Total 41 359 
I 1 756 
II 1 802 
ill 1 564 
IV 3 485 
V 4 353 
VII 1 294 
X 1 172 
 ^ DNA-P RNA-P/DNA-P 
Range Mean Range Mean Range 
33.7 27.5 -  -
594-896 26.6 22.5-32.5 26.4 23.9-27.7 
304-382 18.5 16.8-19.3 18.8 18.1-19.8 
252-418 16.3 12.4-24.3 20.4 10.4-25.8 
264-340 15.0 13.1-16.8 20.9 15.7-26.0 
—  - 18.7 16.7 - -
9.3 28.8 
—  - 11.8 -  "  28.5 — 
252-926 18.8 9.3-33.7 22.4 10.4-28.8 
196-246 10-8 9.8-12.3 20.0 20.0-20.0 
186-562 14.4 9.3-18.1 23.7 20.0-31.0 
—  —  11.1 -- 20.0 — 
186-562 12.4 9.3-18.1 21.6 20.0-31.0 
—  —  33.7 - - 27.5 - -
494-896 27.3 22.5-32.5 23.4 17.6-27.7 
304-382 18.4 16.8-19.3 19,2 18.1-20.2 
252-418 17.4 12.4-24.3 18.8 10.4-25.8 
204-340 16.6 11.8-23.1 17.2 8.8-26.0 
196-312 14,5 9.8-22.5 17.7 9.5-20.0 
186-562 13.1 9.3-18.1 25.0 20.0-31.0 
—  —  11.1 - - 20.0 -  -
186-926 18.0 9.3-33.7 20.0 8.8-31.0 
m» «m 36.3 — 20.8 —  —  
—  "  20.6 -- 38.9 
— — 55.7 - - 10.1 -  -
352-634 19.3 16.2-21.8 26.1 17.7-39.1 
256-638 21.2 14.3-28.1 19.6 9.1-44.6 
—  —  18.7 - - 15.7 -  -
— — 16.8 —  —  10.2 --
Table B-6. (Continued) 
Month Sax Age No- Mean 
Female 
Combined 
July 
Combined 
Male 
Female 
Unde t. 
Combined 12 455 
II 3 615 
III 3 527 
IV 2 516 
V 4 422 
VI 2 281 
VII 3 290 
VIII 1 258 
Combined 18 345 
I 1 756 
II 4 662 
III 4 536 
IV 5 498 
V 8 387 
VI 2 281 
VII 4 291 
VIII 1 258 
X 1 172 
Total 30 443 
III 2 308 
IV 3 399 
Combined 5 362 
II 2 269 
III 3 289 
V 3 258 
Combined 8 273 
Unde t. 1 324 
-^P DNA-P RNA-P/DNA-P 
Range Mean Range Mean Range 
172-802 24.2 14.3-55.7 21.0 9.1-44.6 
532-696 29.5 16.8-38.1 24.6 14.0-41.4 
312-782 28.5 21.8-35.6 19.6 8.8-27.8 
382-650 20.6 18.1-23.1 24.6 21.1-28.1 
328-628 23.5 12.4-29.9 19.5 11.7-30.6 
246-316 21.5 18.1-24.9 13.2 12.7-13.6 
240-324 19.8 16.2-21.8 15.0 11.0-18.9 
- - 21.8 — 11.8 --
240-782 24.1 12.4-38.1 19.1 8.8-41.4 
- - 36.3 — 20.8 — 
532-802 27.3 16.8-38.1 28.2 14.0-41.4 
312-782 35.3 21.8-55.7 17.3 8.8-27.8 
352-650 19.8 16.2-23.1 25.5 17.7-39.1 
256-638 22.4 12.4-29.9 19.6 9.1-44.6 
246-316 21.5 18.1-24.9 13.2 12.7-12.6 
240-324 19.5 16.2-21.8 15.2 11.0-18.9 
— — 21.8 -- 11.8 - -
16.8 10.2 - -
172-782 24.1 12.4-55.7 19.9 8.8-44.6 
284-332 25.0 12.4-37.5 17.2 7.6-26.8 
282-600 18.3 12.4-25.6 21.6 18.7-23.4 
282-600 20.9 12.4-37.5 19.8 7.6-26.8 
242-296 15.3 11.8-18.7 18.2 15.8-20.5 
232-364 22.2 18.7-24.9 13.5 10.0-19.5 
242-286 15.4 10.6-21.3 17.8 13.4-22.8 
232-364 17.9 10.6-24.9 16.3 10.0-22.8 
— — 21,3 -- 15.2 — 
Table B-6. (Continued) 
Month Sex Age No. Mean 
Combined II 2 269 
III 5 297 
IV 3 399 
V 3 258 
Undet. 1 324 
Combined Total 14 308 
Augus t Male X 9 623 
IX 5 472 
IIX 2 291 
IV 2 360 
Combined 18 515 
Female X 7 650 
II 3 459 
IV 3 375 
Combined 13 543 
Unde t. I 3 330 
Undet. 2 232 
I 19 587 
II 8 467 
III 2 291 
IV 5 369 
Undet. 2 232 
Combined Total 36 494 
Septimber Male IV 1 188 
Female IV 1 592 
Combined Total 2 390 
Range 
DNA-P 
Mean Range 
RNA-P/DNA-P 
Mean Range 
242-296 15.3 11.8-18.7 18.2 15.8-20.5 
232-364 23.3 12.4-37.5 15.0 7.6-26.8 
282-600 18.3 12.4-25.6 21.6 18.7-23.4 
242-286 15.4 10.6-21.3 17.8 13.4-22.8 
— - 21.3 — 15.2 — 
232-364 19.2 10.6-37.5 17.5 7.6-26.8 
486-738 45.4 29.3-60.2 14.4 10.5-19.2 
264-618 24.4 11.8-31.3 20.1 16.3-27.8 
288-294 25.3 22.5-28.1 11.7 10.5-12.8 
246-474 19.4 15.6-23.1 18.1 15.7-20.5 
246-738 34.4 11.8-60.2 16.1 10.5-27.8 
512-774 37.4 19.3-47.5 18.4 13.4-26.5 
276-646 24.9 17.4-38.7 19.0 15.9-24.3 
228-564 22.4 18.7-26.8 16.9 12.2-25.9 
220-774 31.1 17.4-47.5 18.2 12.2-26.5 
282-384 41.2 33.7-46.3 8.1 6.5-9.6 
188-276 21.6 21.3-21.8 10.8 8.8-12.7 
282-774 27.1 19.3-60.2 14.9 6.5-26.5 
264-646 24.6 11.8-38.7 19.7 15.9-27.8 
288-294 25.3 22.5-28.1 11.7 10.5-12.8 
228-564 21.2 15.6-26.8 17.4 12.2-25.9 
188-276 21.6 21.3-21.8 10.8 8.8-12.7 
188-774 33.1 11.8-60.2 15.9 6.5-27.8 
*# M 20.6 — M 9.1 — — 
— — 21.3 27.8 - -
188-592 21.0 20.6-21.3 18.5 9.1-27.8 
Table B-6. (Continued) 
Month Sex Age No 
October Female IV 1 
V 1 
VI 1 
Combined 3 
Undet. Undet. 3 
Combined Total 6 
RNA-P DNA-P RNA-P/DNA-P 
Mean Range Mean Range Mean Range 
280 -- 14.9 -- 18.7 
194 -- 16.2 -- 11.9 
394 -- 25.6 -- 15.3 
289 194-394 18.9 14.9-25.6 15.3 11.9-18.7 
325 264-372 17.8 16.8-19.3 18.1 15.7-19.5 
307 194-394 18.4 14.9-25.6 16.7 11.9-19.5 
Table B-7. Correlation coefficients (r) for 
Year Mo. River Sex Age 
Year 
Month -0. 36 
River -0. 09 
Sex -0. 13 
Age 0. 18 
TI. 0. 30 
WT 0. 23 
WLPl 0. 39 
WLP2 0. 41 
WD -0. 03 
TempP -0. 39 
RNA-P -0. 32 
DNA-P -0. 30 
Ratio -0. 19 
-0.06 
0.17 0.03 
-0.19 0.16 
-0.35 0.11 
-0.28 0.09 
-0.52 0.33 
-0.60 0.35 
0.11 -0.26 
0.27 0.19 
0.06 0.09 
0.15 0.22 
0.04 0.12 
-0 .12  
0.26 0.70 
-0.06 0.63 
-0.09 0.16 
-0.04 0.18 
-0.07 -0.19 
-0.11 -0.27 
0.11 -0.43 
0.37 -0.42 
-0.25 0.14 
the selected parameters of concern in this study 
TL WT WLPl WLP2 WD TempP RNA DNA 
0.84 
0.22 0.13 
0.25 0.21 
-0.22 -0.27 
-0.24 -0.20 
-0.55 -0.41 
-0.55 -0.26 
0.16 0.01 
0.92 
0.09 -0.06 
-0.10 -0.16 
-0.06 -0.10 
-0.18 -0.17 
-0.002 -0.08 
0.38 
0.19 0.15 
0.07 0.07 
0.09 0.17 
0.50 
0.15 -0.50 
